Abstract. -Metamagnetism with three-step processes due to spin-flop is observed at 4.2 K along the b-axis in the orthorhombic CeZn2. In the paramagnetic phase, strong anisotropy in the susceptibilities along each axis appears, indicating significant CEF effects. The observed Ce moment suggests that the Kondo effect should be considered in addition to the CEF effects.
CeZn:! crystallizes in the orthorhombic CeCu2-type crystal structure with the space group D: ! (Imma) and exhibits a simple antiferromagnetism below TN = 7.5 K [I]. The neutron diffraction studies on CeZn:! powders reveal that the magnetic unit cell is of the same size as the chemical cell, in which the Ce moments are directed to the baxis with the moment of 1.6 pg at 4.2 K [2] . In this paper, we present the results of magnetic measurements as well as neutron diffraction experiments performed on a single crystal. Figure 1 shows field dependence of the magnetizations at 4.2 K along the a, b and oaxes of the orthorhombic cell. The magnetizations along the a and oaxes increase slightly but linearly with increasing applied field up to 12 T. In contrast, the magnetization along the baxis exhibits three-step magnetization processes due to spin-flip with increasing the field. The transition fields at each step are H,, = 2.3 T, H,, = 4.3 T and Hc3 = 7.2 T, respectively. In an applied field of 12 T, the baxis magnetization reaches to M. = 1.65 p~ per Ce atom, a value of which is a little smaller than the free ion one of 2.14 pg. It is worth to note that the magnetizations in each step are (1) M = 0 is in H < H,,, (2) M = 113 M, in Hcl < H < H,,, (3) M = 112 M2 in H,, < H < H,, and (4) M = M, in H > Hc3 , respectively. These results are in reasonable agreement with those obtained by Yamashita et al. [3] .
We have studied neutron diffraction in the b* -c*plane on a CeZn2 single crystal at 4.2 K and determined the magnetic structure, which is shown in figure 2a . This structure is in agreement with that of Debray et al. [2] . All the Ce moments are forced to direct to the baxis, the Ce moments, in each bplane sheet couple ferro-magnetically with each other and the ferromagnetic Ce sublayer align along the baxis in the sequence (+ -+-). The Ce moment at 4.2 K has been deduced as 1.65 pg. Therefore, the magnetizations in each step might be understood in an Ising like model because of a strong uniaxial anisotropy.
Here, we propose the magnetic structures shown in figures 2b, c and d as possible spin configurations in each step when the field is applied along the baxis, respectively. Writing the free energy [4] as E = -X J , Mi . Mj -HCM~ and taking i#j z into account the exchange interactions between the Ce moments up to 4 t h nearest neighbors, we can deduce the energies for four magnetic structures proposed in CeZn2 as a function of applied field as follows:
for Hcl a H 5 Hc2, E2 = -MH/2 -J I M~ for Hc2 s H s Hc, and E3 = -MH -M H -JoM2 -3~1~~ -2J2M2 -6~3~~ for Hc, s H. By comparing those energies, the transition fields are given by: In order to determine the CEF parameters, we have analysed the thermal variations of paramagnetic sus- The maxima in p, along all the directions reflecting an incipient Kondo effect on the CEF split multiplet have been observed in this work. It seems likely that this result also supports the Ce moment reduction due to Kondo effect.
